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William J. Lloyd*
Growth of the Municipal Water
System in Ciudad Juarez, Mexicot
Dramatic increases in the population of Ciudad Juarez, Chihuahua,
Mexico, have created considerable pressure for ongoing expansion of the
city's water supply system. Some progress has already been made toward
improving the quality of service for an increasing number of households.
Yet, the water system in Cd. Juarez continues to suffer from an image
of inadequacy, largely because of widespread publicity given to the lack
of piped water in some outlying neighborhoods.' Any attempt to assess
the need for further expansion of the system depends on a realistic un-
derstanding of the actual conditions which presently exist in the city. This
paper seeks to clarify the present uncertainty by offering a quantitative
assessment of the physical, demographic, and spatial growth of the mu-
nicipal water system in Cd. Juarez for the period from 1970 to 1982. It
brings together information from diverse sources, including the results
of interviews with officials, workers, and residents, in order to present a
balanced picture of the current state of the system. This knowledge can
then be used as a basis for evaluating the relative intensity of the need
for continued system expansion over the coming decades. An understand-
ing of the relationship between the existing level of service and the demand
for additional improvements has a direct bearing on any discussion of
the future quality of life in the city. And it may also be of interest to
water resource planners in adjacent areas of West Texas and southern
New Mexico because of the transboundary nature of the region's principal
supplies of fresh water.
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1. Dificil reparbo de agua (photograph of water delivery by truck), El Fronterizo (Cd. Juarez),
April 25, 1982, § 1 at 1; Border-Town Residents Demand Agua! Agua! (article about Cd. Juarez),
The News (San Antonio, Texas), June 16, 1982, § B at 7.
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WATER PRODUCTION AND DISTRIBUTION
Water service in Cd. Juarez is provided by the Junta Municipal de
Aguas y Saneamiento (JMAS), an agency which links the national, state,
and local levels of government. Because Mexico's share of the Rio Grande
surface flow is entirely committed to irrigated agriculture in the valley
below Cd. Juarez, all of the water delivered by JMAS is pumped from
underground reserves of the Hueco Bolson aquifer which underlies much
of the city.' Although the level of the water table has fallen as much as
25 meters since the turn of the century, there has as yet been no actual
shortage of water reserves in this region.' Rather, water shortages are
related to the constant need to expand the number of wells and to enlarge
the areal extent of the water distribution network to meet the demands
of a growing population. Ciudad Juarez increased in population from an
estimated 436,000 in 1970 to an unofficial census figure of 628,000 in
1980, with an additional increase to approximately 650,000 in 1981.' In
response to this growth in population, the JMAS, working in cooperation
with the Secretaria de Asentamientos Humanos y Obras Publicas (SA-
HOP), increased the number of active wells from 21 in 1970 to 54 in
1980, an increase financed to a considerable extent by World Bank loans
channeled through Banobras, Mexico's federal public works bank., This
expanded capacity allowed actual pumping to increase from 29.6 x 106
m3 in 1970 to 68.6 x 106 m3 in 1980, a rate of increase greater than that
of the population.6 Thus, water consumption of 185.9 liters per capita
per day in 1970 increased to 299.5 liters per capita per day in 1980 (Table
1).
The growth in area of the city during the 1970s placed additional
demands on the municipal water distribution system. Considerable ex-
pansion occurred toward the east, southeast, and south, while growth
was more modest toward the west and southwest.7 Meanwhile, the max-
imum extent of the piped distribution system expanded at almost the same
rate as did the urbanized area. In early 1971, piped service covered 30.3
km2 or 75.6% of the 40.1 km2 contiguous urbanized area (Fig. 1).8 By
2. Day, Urban Water Management of an International River, 15 NAT. RES. J. 458 (1975).
3. Day, International Aquifer Management: The Hueco Bolson on the Rio Grande River, 18
NAT. RES. J. 168 (1978).
4. Estimate obtained from the Departamento de Planeacion in Cd. Juarez; official 1980 census
count is not yet published.
5. Map of Agua Potable, in CD. JUAREZ DE PLANEACION, PLANO REGULADOR, IN-
FORME DE ACTIVIDADES: 1970-71 (1971); unpublished data for active wells obtained from
JMAS for 1980.
6. Pumping data obtained from unpublished records at U.S. Geological Survey Water Resources
Division office, El Paso, Texas.
7. Measurements of the extent of urbanized area are based on 1970 aerial photographs at a scale
of 1:3333 and 1979 aerial photographs at a scale of 1:15,840.
8. Measurement based on map of Agua Potable, supra note 5.
[Vol. 22
MUNICIPAL WATER SYSTEM
TABLE 1.
1970-1980 GROWTH OF WATER PRODUCTION IN CD. JUAREZ
1970 1980 % Change
Population 436,000 628,000 44.0
No. of Wells 21 54 157.1
Annual Production 29.6 x 106 ml 68.8 x 106 ml 132.7
Daily Consumption Per Capita 185.9 liters 299.5 liters 61.1
1979, service had been extended to cover 64.8 km2 or 74.5% of the 87.0
km2 contiguous urbanized area (Fig. 2). 9 Some gaps still remain within
the region covered by the piped distribution system, but these are primarily
in places where settlement is sparse or lacking due to topographic or land
tenure restrictions.
HOUSEHOLD ACCESS TO THE WATER SYSTEM
The production and distribution of potable water covers only part of
the total water delivery situation in Ciudad Juarez. Equally important in
a developing country such as Mexico is the manner by which individual
households gain access to the piped water. Essentially all households fall
into two broad categories-direct household access to the water system
and indirect access. Each of these in turn has two additional distinctions.
Direct household access to piped water comes about either through Have
privada-private water taps inside the house--or through llave afuera-
private taps located in the garden or courtyard outside the house. Indirect
access is primarily by means of llave publica-communal water taps
located along streets-or via pipa-the delivery of water by trucks from
central standpipes to barrels located on the streetside of dwellings. Llave
privada, llave afuera, and Uave publica are intermingled in varying pro-
portions throughout the areas of the city that are served by the piped
water supply. Most of the pipa service is located in the periphery of the
city beyond the reach of the piped distribution network, although some
small proportion of the pipa service may also be found within the area
served by the piped system, where water delivery trucks occasionally
provide water for indirect-access households that are inadequately served
by Uave publica.
An estimated 585,000 or 90% of Cd. Juarez's 650,000 inhabitants
9. Measurement based on Map 1-10, Agua Potable, in H. AYUNTAMIENTO DE JUAREZ,
PLAN DIRECTOR (1979).
October 19821 945
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FIGURE 1.
1970/71 WATER DISTRIBUTION IN CD. JUAREZ
enjoyed direct access as of 1981.'0 Although detailed data are not avail-
able, the breakdown of this figure between llave privada and llave afuera
can be estimated on the basis of information gathered during a 1979
survey of more than 5000 geographically dispersed households in Cd.
10. Service estimate obtained from the planning section, JMAS, in October 1981. Variations in
this service figure and the population figure are possible depending on assumptions regarding average
household size and the accuracy of the 1980 census. Because many officials believe that the population
is considerably higher than the census figure, they feel the proportion served directly by the system
may actually be less than 80%.
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FIGURE 2.
1979 WATER DISTRIBUTION IN CD. JUAREZ
Juarez." In this survey, 74% of all direct access households reported llave
privada, while the remaining 26% had llave afuera. Since there was no
discernible difference in household size between the two groups, these
11. Data were gathered by Direccion General de Investigaciones y Estudios Superiores, Univ-
ersidad Autonoma de Cd. Juarez. Calculations used in this paper are based on a random subsample
of 1236 households, hereinafter referred to as Household Survey, available at the Computer Center,
U.T. El Paso. Underrepresentation of areas dependent on pipa led to nearly 95% of surveyed
households showing direct connections; although this figure is almost certainly too high, the llave
privada-llave afuera ratio is still useful.
October 19821
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TABLE 2.
1981 WATER ACCESS BY POPULATION IN CD. JUAREZ
Type of Access No. of Inhabitants % of Total
Llave Privada 433,000 67
Llave Afuera 152,000 23
Llave Publica 34,500 5
Pipa 30,500 5
TOTAL 650,000 100
percentages can be applied to the direct access population total to yield
estimates of 433,000 for laveprivada and 152,000 for Have afuera (Table
2). A widespread lack of water meters prevents any accurate estimate of
the differences in per capita consumption between these two types, but
the obvious limitations of the single garden tap suggest that the differences
are substantial. 12
It is somewhat more difficult to distinguish between Have publica and
pipa among the remaining group of approximately 65,000 inhabitants
who lack direct access to the piped water supply. While about 25% of
the urbanized area is wholly dependent upon pipa, the actual proportion
of the population dependent upon pipa is far less since these are mainly
areas of low population density. Furthermore, within portions of the
periphery where pipa and llave publica overlap, it is not uncommon for
households to utilize both systems, especially during the summer months
when water pressure in the llave publica may be seriously diminished.
Any effort to sort out this situation is complicated by the lack of direct
measures of the sizes of the population which are wholly or partly de-
pendent upon pipa. Nevertheless, it is possible to measure the capacity
of the pipa system and from that to estimate the maximum population
which the pipa system can serve.
During the period from 1980 to 1982, pipa water was being delivered
by approximately 55 trucks belonging to two organizations, led by the
local affiliate of the Confederacion Nacional de Organizaciones Populares
(CNOP). 3 Altogether, the 55 trucks have a total capacity of approximately
330,000 liters. The drivers complete five or six trips per day and normally
work a six day week, yielding an average of 33 trips per truck per week.
This represents a system capacity of 10,890,000 liters per week. Recent
12. White, Water Supply Service for the Urban Poor: Issues, 2 WATER SUPPLY & MGT. 438
(1978).
13. CNOP is a major component of Mexico's dominant political party, Partido Revolucionario
Institucional.
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interviews with 109 households at three locations within areas of the city
that are exclusively dependent upon pipa yielded consumption estimates
averaging 51 liters per capita per day or 357 liters per capita per week
during the warmer months of the year.14 At this level of consumption,
the 10,890,000 liters weekly capacity of the pipa system could serve
approximately 30,500 individuals or 47% of the estimated 65,000 resi-
dents dependent upon indirect access to city water. The remaining 34,500
individuals approximates the size of the population that is primarily de-
pendent upon lave publica or some related form of indirect access such
as obtaining water from neighbors (Table 2). This figure may actually be
much larger if higher estimates of the population are correct. However,
the soundness of these service estimates is confirmed by the results of
the 1979 Household Survey which showed that 5% of the sample house-
holds reported indirect access other than pipa, the same proportion of the
total city population measured by the present estimates. 5
GEOGRAPHIC PATTERNS OF WATER ACCESS
Since changes in the relative frequencies of the different types of water
hookups have significant implications for future water demand, it is im-
portant to try to understand the factors which influence the prevalence of
different modes of access throughout the city. The relative proportions
of the two principal modes of access to water (llave privada and Uave
afuera) show significant spatial variation across the urban landscape of
Cd. Juarez (Fig. 3). 16 In general, the proportion of llaveprivada decreases
with distance away from the central business zone (Zona Central) within
a broad crescent extending from the west around toward the south and
southeast. From values approaching 90% near the center, llave privada
falls to as low as 26% in one sample district on the southwest periphery.
There as elsewhere along the periphery, Rave afuera is the dominant
alternative to lave privada. This pattern of decreasing lave privada does
not appear within the eastern sector of the city. Instead, Rave privada
values ranging from 76% to 100% are found at considerable distances
from the center. Again, llave afuera is the leading alternative to lave
privada, so that it can safely be said that the distribution of llave afuera
is roughly inverse to the distribution of llave privada.
The spatial pattern of llave afuera and Uave privada are related in a
14. Interviews took place in Colonia Felipe Angeles during October 1981 and August 1982, and
Colonia 16 de Septiembre and Colonia Nuevo Hipodromo during August 1982. Consumption data
given here for pipa are not directly comparable to the city-wide consumption data presented earlier,
since the pipa figure is entirely based on household consumption whereas the city-wide data include
all categories of users.
15. Household Survey, supra note 11.
16. Id.
October 1982]
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FIGURE 3.
VARYING PROPORTIONS OF LLAVE PRIVADA IN CD. JUAREZ, 1979
broad manner to the distribution of household income. The high propor-
tions of llave privada found in the eastern sector are associated with
middle class areas developed primarily as subdivisions with many services
provided prior to the initial occupation of the dwellings. "7 Elsewhere in
the city, the decreasing proportions of llave privada with increased dis-
tance from the center parallel the general pattern of decreasing socio-
17. Lloyd, Land Use Structure of Ciudad Juarez, forthcoming. Socioeconomic divisions of the
city are based on an unpublished map and supporting data obtained from the Departamento de
Desarrollo Socioeconomico in Cd. Juarez.
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economic status with increased distance from the center.'" Nearly all
housing in these regions has been constructed in increments by the res-
idents themselves, with initial occupation usually occurring in advance
of the provision of services.' 9 Once the basic water mains have been
provided by the JMAS, improvements in water access become possible.
Although llave publica will often be provided initially, it offers little or
no improvement over pipa service since water use is severely restricted
by the need to carry water from the tap to the place of use. Residents
are encouraged to construct a llave afuera hookup at a modest cost to
them of approximately 240 pesos for materials in addition to the labor
which they generally provide themselves, and a monthly service charge
of 74.80 pesos. Some residents report that once the great majority of
households on a block have secured 1lave afuera, the remaining families
are strongly encouraged to do so by the threatened removal of the llave
publica.
The transition to llave privada from 1lave afuera is related in large
measure to a family's ability to afford the improvements. Data from the
1979 Household Survey show a strong relationship between family in-
come and the proportion of llave privada (Table 3).20 Although firm
estimates of actual costs are difficult to obtain, they are undoubtedly much
greater than those associated with the securing of minimum l1ave afuera.
Improvements in household water supply are part of the gradual upgrading
of the living environment that comes with increased income and income
security, frequently involving the addition of new rooms and the switch
from adobe to concrete blocks or bricks as the primary building material.
Although improvements of this nature usually take considerable time to
become reality, data in Table 3 suggest that time by itself is not a key
determining variable. 2' Long term residents of the city are no more likely
to have 1lave privada than are recent arrivals.
IMPLICATIONS FOR THE FUTURE
Any dramatic increases in the size of the population or in the frequency
of llave privada are likely to produce a major surge in the aggregate
demand for municipal water in Cd. Juarez. From the present perspective,
continued population growth seems likely. 22 The city is characterized by
18. Id.
19. N. Valencia, Twentieth Century Urbanization in Latin America and a Case History of Ciudad
Juarez, unpublished master's thesis, U.T. El Paso, 91 (1969); A. UGALDE, L. OLSON, D.
SCHERS, and M. VON HOEGEN, THE URBANIZATION PROCESS OF A POOR MEXICAN
NEIGHBORHOOD 40 (1974).
20. Supra note 11.
21. Id.
22. Zwememan, Economic Development in the El Paso-Juarez Area and Its Impact on Water
Supply, 17 NAT. RES. J. (1977).
October 1982]
NATURAL RESOURCES JOURNAL
TABLE 3.
PROPORTION OF LLAVE PRIVADA BY FAMILY INCOME AND BY
LENGTH OF RESIDENCE IN CD. JUAREZ
Family Income in
Pesos Per Week % Llave Privada % Llave Afuera
_1000 61 39
--1001-1500 70 30
1501-3000 74 26
3101-5500 82 18
>5500 92 8
Chi2 significance at .99 level.
Length of Residence
in Cd. Juarez in Years % Llave Privada % Lave Afuera
_-5 73 27
--6-10 65 35
11-15 73 27
>16 73 27
Chi2 shows no significance.
Source: 1979 Juarez Household Survey.
high fertility rates and a youthful population, thus indicating a rapid rate
of natural increase. Substantial northward migration also appears likely
over the near future given the economic difficulties which now confront
Mexico.
Arriving at a reasonable estimate of the magnitude of future population
growth is rendered highly problematical by uncertainties concerning the
actual size of the present population and by the volatile nature of the
migration component. A recent projection by the city government raised
the possibility that the city's population would exceed 2,000,000 by the
year 2000.23 Another projection developed for the Cd. Juarez Chamber
of Commerce showed the city's population surpassing 2,400,000 by 1990.24
In light of these extraordinary projections, it does not seem excessive to
adopt a simple linear extrapolation of the recent decade's 44% growth
rate to yield a conservative 1,302,000 minimum population estimate for
the year 2000.
JMAS intends to continue to expand and improve the level of water
service to keep pace with population growth. A production target of 360
23. H. AYUNTAMIENTO DE JUAREZ, TREINTA Y SEIS MESES DE GOBIERNO, MUNI-
CIPIO DE JUAREZ, 1977-1980, 77 (1980).
24. G. Palmore, Patterns of Change in Cd. Juarez, Chihuahua: 1970-1980; 1980-1990, un-
published report prepared for Cd. Juarez Chamber of Commerce by Western Research Associates
(1981).
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liters per capita per day and a direct service target of 85% of the growing
population have been suggested as reasonable.25 Toward this end, the
plan is to increase the number of wells to 104 by the mid-1990s, yielding
an increase in well capacity to approximately 5500 1/sec. 26 A system of
this capacity could theoretically provide the desired 360 liters per capita
per day to slightly more than the projected year 2000 population of
1,302,000 if it operated at nearly 100% efficiency. With a more realistic
efficiency level of 85%, a population of that level would be served at a
rate of 310 liters per capita per day, still a slight improvement over the
1980 level. Yet even this modest improvement would more than double
water production from 68.8 X 101 m3 in 1980 to 147.4 x 106 m3 by the
end of the present century.
These goals seem reasonable in light of the successful expansion of
the system over the past decade. They anticipate little or no improvement
in the proportion of households enjoying direct access to the piped supply,
and only a slight increase in the rate of transition from Have afuera to
Have privada. " The basic water distribution system already covers much
of the area of anticipated growth, so that a substantial portion of new
service can be provided by less costly in-filling of existing low density
service areas.2" And at present there is no plan to make costly expansions
into the principal pipa areas in the hills to the west of the city, an area
which the 1979 Plan Director would prefer to maintain as an ecological
zone where urbanization would be discouraged. 29 Recent economic de-
velopments do raise into question whether the 1980 cost estimate of
799,250,000 pesos for the additional wells and distribution facilities can
be met within the desired time frame.3 One possibility is that more of
the costs of providing water will be passed on to the users. According to
recent estimates, the cost of supplying water amounts to about 3.90 pesos
per m3 , while user charges range from 1.50 to 2.90 pesos per m3 .3 One
proposed approach to reducing the deficit is to increase the number of
water meters from the present level of less than 20% of all households
served by the system.32
25. Figures obtained from the planning section, JMAS, in October 1981.
26. Proyectos Integrales para la Ampliacion de los Sistemas de Agua Potable y Alcantarillado
de Cd. Juarez, 6 (1980), unpublished manuscript obtained from JMAS in Cd. Juarez.
27. The 90% direct access estimate (Llave Privada + Llave Afuera in Table 2) or even the 80%
low estimate (supra note 10) already compare favorably with the 67% estimate given for all Latin
American cities in 1975 by White, supra note 12, at 428, and the 80% estimate for major Latin
American cities cited in Nelson and Lee, Environmental Dimension of Water Management in Latin
America, 3 WATER SUPPLY & MGT. 238 (1979).
28. K. HUHN, PROGRAMAS DE DESARROLLO URBANO EN MEXICO, MOSTRADO EN
EL EJEMPLO DE CIUDAD JUAREZ 48 (1981).
29. Id. at 65.
30. Proyectos, supra note 26 at 10.
31. Id. at 4.
32. Id. at 8.
October 1982]
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One last question of major significance relates to the availability of
water for a system of the expected magnitude. The official view is that
there is no actual shortage of water, only a lack of sufficient pumps and
distribution facilities.33 This optimism may seem misplaced in light of
the well documented overdraft of the Hueco Bolson aquifers and the
widely publicized search for new water supplies by neighboring El Paso,
Texas.34 However, officials in Cd. Juarez have expressed confidence that
ample groundwater exists in aquifers located south and west of the Sierra
de Juarez and that these will sooner or later be tapped in support of the
water needs of Cd. Juarez.35 These reserves presumably are part of the
southward extension of the Mesilla Bolson aquifers from southern New
Mexico into northern Mexico (Fig. 4).36 The New Mexico portion of the
Mesilla Bolson is the object of existing water rights litigation between
the city of El Paso and the state of New Mexico.37 The potential inter-
national implications of groundwater development on either side of the
boundary are not clear at present. But given a projected Mesilla Bolson
water demand by the city of El Paso rising to nearly 300 x 106 m3 per
year over the next 100 years, it does not take much imagination to envision
an unregulated international drawdown in the Mesilla Bolson aquifers
similar to that which is occurring in the Hueco Bolson, in the event El
Paso secures access to New Mexico water.3" Such an outcome is all the
more likely given the inadequacies of international groundwater law,39
and the lack of jurisdiction over international aquifers by the International
Boundary and Water Commission (IBWC).4° The demonstrated potential
for substantially increased demand in Cd. Juarez appears to represent an
additional argument in support of calls to expand IBWC purview further
into the realm of groundwater study and management.4
33. Interview with JMAS engineering official, August 1980.
34. LEE WILSON & ASSOC., WATER SUPPLY ALTERNATIVES FOR EL PASO (1981).
35. Informal discussions with architects at the Departamento de Planeacion, and with engineers
at the Comision Internacional de Limites y Aguas and the JMAS, between 1980 and 1982.
36. Extension of the Mesilla Bolson deposits and aquifers into northern Mexico is indicated in
TEXAS DEPARTMENT OF WATER RESOURCES, WATER USE, PROJECTED WATER RE-
QUIREMENTS, AND RELATED DATA AND INFORMATION FOR THE STANDARD MET-
ROPOLITAN STATISTICAL AREAS IN TEXAS, LP-141, 82 (1981); and in Wilson, supra note
34 at B-4.
37. City of El Paso v. Reynolds, Civil No. 80-730HD (D.N.M.).
38. Wilson, supra note 34 at C-15, projects the potential El Paso pumping in the Mesilla Bolson
reaching 49 x 106 m3 per year after 20 years, eventually rising to 296 x 106 m3 per year after 100
years; Id. at C-3 shows the proposed well fields extending to the Mexico-New Mexico border.
39. Hayton, The Law of International Aquifers, 22 NAT. RES. J. 71 (1982); and Utton, The
Development of International Groundwater Law, 22 NAT. RES. J. 95 (1982).
40. Jamail and Mumme, The International Boundary and Water Commission as a Conflict Man-
agement Agency in the U.S.-Mexico Borderlands, 19 SOC. SCI. J. 60 (1982).
41. Dworsky, The Management of Water-Land-Environmental Resources at International Bound-
ary Regions, 18 NAT. RES. J. 147 (1978).
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FIGURE 4.
PROXIMITY OF THE HUECO BOLSON AND THE MESILLA BOLSON
TO THE URBANIZED AREA OF CD. JUAREZ AND EL PASO
CRECIMIENTO DEL SISTEMA MUNICIPAL DE ALCANTARILLADO EN CIUDAD
JUAREZ, MEXICO
El sistema municipal de alcantarillado en la Ciudad Juarez, Mdxico, ha crecido considerablemente
desde 1970. Hoy en dia, aproximadamente 67% de la poblaci6n tiene agua corriente, 23% tiene
solamente un grifo afuera de la casa, y 5% depende en entregas por cami6n. Atn sin un aumento
dramatico la proporci6n de cambio de servicio con grifo afuera de la casa hacia servicio dentro de
la casa, el aumento en poblaci6n projectado, jutifica el plan de duplicaci6n el sistema de producci6n
para el ano 2000. Agua para satisfacer los requerimientos de este sistema puede venir de la parte
mejicano de los acuiferos de la Mesilla Bolson. Si El Paso tiene 6xito en el desarrollo de las reservas
de agua subterraneo en la parte de Nuevo Mexico de la Mesilla Bolson, puede que resulte una
disminuci6n internacional regulaci6n como la de Hueco Bolson.
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